Amino acid regulation of insulin action in isolated adipocytes. Selective ability of amino acids to enhance both insulin sensitivity and maximal insulin responsiveness of the protein synthesis system.
Using the number and concentration of amino acids in Dulbecco's modified Eagle's medium as reference (DMEM = 100%), we found that a maximally effective concentration of insulin (10 ng/ml) stimulated protein synthesis by 125% over basal rate in the presence of 50% amino acids (EC50 = 19%), but by only 48% in amino acid-free buffer. Moreover, time course experiments revealed that amino acid regulation of insulin action was very rapid (t1/2 of 9.5 min) and readily reversible (less than 30 min). This effect was specific in that basal rates of protein synthesis were unaltered by amino acids. A second effect of amino acids was to markedly enhance insulin sensitivity of the protein synthesis system in a dose-dependent manner. Thus, the half-maximally effective concentrations of insulin required to stimulate protein synthesis fell from 0.43 to 0.25 to 0.15 ng/ml in the presence of 0, 50, and 150% amino acids. Neither insulin sensitivity nor maximal insulin responsiveness of the glucose transport system was altered by amino acids, nor did amino acids affect the insulin binding capacity of cells. When we divided the 14 amino acids found in DMEM into two groups, we found that one group of 7 amino acids had little or no effect on insulin sensitivity or responsiveness, whereas the other group was fully active (a 157% increase in insulin responsiveness, ED50 of 0.21 ng/ml versus a 68% increase, ED50 of 0.51 ng/ml, with no amino acids). Isoleucine and serine together increased both insulin sensitivity and responsiveness to 60-70% of that seen with the full complement of amino acids. 1) amino acids modulate insulin action by enhancing maximal insulin responsiveness and insulin sensitivity of the protein synthesis system, and the regulatory site of amino acid action appears to be distal to the common signal pathway, within the insulin action-protein synthesis cascade, and 2) the effects of amino acids are specific, in that basal rates of protein synthesis are unaffected, only certain amino acids influence insulin action, and amino acids fail to alter insulin binding or the insulin-responsive glucose transport system. These studies, together with those in the companion paper, demonstrate that the pleiotropic actions of insulin on enhancing glucose uptake and protein synthesis are mediated through divergent pathways that can be independently regulated.(ABSTRACT TRUNCATED AT 400 WORDS)